Background: Sun exposure is the main source of vitamin D. Increasing scientific and media attention to
Introduction
Skin cancer is a significant problem particularly among Caucasian populations in many Western countries (1) . The primary cause of most skin cancers is exposure to solar ultraviolet radiation, and for several decades public health education campaigns have promoted sun protective behaviours. There is evidence that adoption of these practices is beginning to reduce the incidence of skin cancers in Australia (2) .
In contrast to its harmful effects, solar ultraviolet (UV) radiation also results in the production of vitamin D (3) . Adequate vitamin D levels are essential for maintenance of bone health (4), but there has been increasing research in the past decade into its other possible health benefits (5) .There has been growing media attention to these potential benefits (6) , and there is concern that this might lead to reduced sun protective behaviours, with consequent increases in the risk of skin cancer (7) (8) (9) .
The Cancer Council Australia (10) has released a position statement that attempts to balance the benefits and harms of sun exposure. It suggests that most fair-skinned people only need a few minutes of sun exposure per day on either side of the peak UV period in order to generate sufficient vitamin D in summer. Although sun protection may not be required in some regions in winter, in areas where the ambient UV remains high, consistent use of sun protective measures is warranted throughout the year (10).
In order to develop effective public education campaigns, better understanding about knowledge and attitudes of populations towards vitamin D and the effect that these may have on sun exposure behaviour is necessary. There have been previous surveys in Queensland which suggest that a high proportion of the population is unaware of the current recommendations (7, 11) . However these surveys have had relatively low response rates and have not targeted a specific population. We therefore undertook a survey in a population of office workers in Brisbane, Australia, recruiting employees of Suncorp, a large banking and insurance organisation with employees from a broad range of backgrounds. Suncorp runs a 4 community education program, Sunwise, aiming to provide education to the general public, and was thus able to facilitate this project as part of its research support program. This study aimed to (a) understand knowledge and attitudes towards vitamin D, and determinants of these, and (b) explore associations between knowledge and attitudes and sun protection behaviours.
Material and Methods
In March 2009, we conducted an online survey among Suncorp employees based in Brisbane, a city situated at 27 degrees south in Queensland, Australia. Ethical approval for this study was obtained from Attitudes were assessed by asking the participants about their level of agreement with two statements which were similar to those used in previous surveys (7, 11) . These were: (a) If I regularly protect myself from the sun I am in danger of not getting enough vitamin D; (b) I am concerned that my vitamin D levels might be too low. Responses were measured using a five-level Likert scale.
We asked participants about the amount of time spent outdoors on typical non-work days and about their sunscreen use (see supplementary material). The sun exposure variables were dichotomized into 'less than two hours' versus 'two hours or more' and the sunscreen use variables into 'never, rarely or sometimes' versus 'usually or always/almost always' for the analysis of associations with knowledge and attitudes.
We analysed data using PASW Statistics version 17.0. Analyses were largely restricted to those people who said that they had heard or learnt about vitamin D, and therefore completed the vitamin D section of the questionnaire (N=1971). Differences between this subgroup and those who had not heard about vitamin D were assessed using Chi-squared statistics. We used logistic regression to estimate associations with vitamin D knowledge and attitudes and then between knowledge/attitudes and sun exposure/sunscreen use.
Results
Of 4709 eligible staff, 70% logged onto the online survey. Of these, 2867 people (61% of 4709) completed the questionnaire with full information on socio-demographic characteristics. Sixty nine percent (1971) of those who completed the questionnaire affirmed that they had some knowledge of Vitamin D. These were more likely to be female, somewhat older and to have a university education than those who had not heard about vitamin D (see Supplementary Table) . There were no differences in phenotypic skin cancer risk factors between these two groups, but participants who did not know about vitamin D seemed more likely to spend more time outdoors in summer and less likely to use sunscreen than those who did know about it.
Knowledge about vitamin D
The majority of the participants indicated that they had obtained information about vitamin D from the media (television, newspaper, and magazine) (67%) (table 1). Nearly one third indicated that they had no knowledge of the benefits of vitamin D (table 1) , and this was more common in men than in women (OR=1.63, 95%CI 1.35-1.97, age adjusted). Among those who indicated some knowledge of the benefits of vitamin D, 18% did not indicate any of the confirmed benefits to bone health (table 1) .
Approximately one third of respondents who said they knew the sources of vitamin D indicated an incorrect food source and 17% did not select exposure of the skin to the sun.
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Over half of the participants indicated that more than 10 minutes in the sun was needed to attain enough vitamin D in summer, and 28% selected more than 20 minutes in winter. This belief was significantly more common in men than in women.
Attitudes towards vitamin D
The majority of participants (69%) disagreed with the statement "If I regularly protect my skin from the sun, I am in danger of not getting enough vitamin D", while 11% agreed (table 1) . Study participants over 50 and those with olive skin were more likely than younger and fair-skinned participants to feel that sun protection would cause vitamin D deficiency (table 2) . Those who were unsure about this statement were more likely to be male (42% versus 36%, p 0.02), and less likely to use sunscreen frequently in summer (51% versus 61%, p<0.001) and in winter (14% versus 23%, p<0.001) than those who either agreed or disagreed.
Fifty percent of people disagreed with the statement "I am concerned that my current vitamin D level might be too low" and 9% of people agreed. Women were more concerned about their vitamin D levels than men (OR 2.43 95%CI 1.67-3.54). Compared to those who agreed or disagreed with this statement, people who were unsure tended to have lower education levels (40% versus 48% with a degree, p<0.001) and to be less likely to use sunscreen in summer (57% versus 61% usually or always, p 0.08) and in winter (18% versus 24% usually or always, p 0.002).
Association between vitamin D knowledge & attitudes and sun exposure/ protection
Approximately one-third of the population reported spending two or more hours outside on weekends in summer and 41% in winter. Fifty-nine percent of people used sunscreen frequently in summer compared with 21% in winter (supplementary table).
We found significant positive associations between the amount of time spent outdoors and the time thought necessary to ensure vitamin D sufficiency (table 2) . People who believed that high levels of sun exposure are required to generate vitamin D were less likely to be frequent sunscreen users (table 3) .
Compared with those identifying only the benefits to bone, participants identifying other benefits reported spending more than 2 hours in the sun and using less sunscreen during the last year.
Participants who believed that sun protection might cause vitamin D deficiency reported a significantly lower frequency of sunscreen use (table 3) . Those who expressed concern about their own vitamin D levels were significantly less likely to have spent more than 2 hours in the sun last summer and winter and were less likely to have used sunscreen often last summer.
Discussion
We assessed knowledge and attitudes about vitamin D of office workers in Brisbane, and the influence of these on sun exposure and sunscreen use. There was clear evidence of a knowledge deficit in this population. A high proportion of participants did not know that vitamin D is vital for bone health, but a majority indicated that vitamin D has a range of other health benefits, which has frequently been the subject of media attention (8) . Lack of knowledge about vitamin D is further illustrated by the high proportion of people who incorrectly identified foods as sources of vitamin D or were unaware that sun exposure leads to formation of vitamin D. Approximately 30% of participants reported that they had no knowledge of vitamin D at all, and were therefore asked no further questions. We can assume that the knowledge of this group of people would be poor.
It has been suggested that in an environment with high UV levels such as in Brisbane, 2-6 minutes of sun exposure per day during peak UV hours in summer and 4-17 minutes in winter would be sufficient for vitamin D production in a fair-skinned person, and that sun protection practices should be maintained all year (12) . A high proportion of our sample was unaware of these recommendations and believed that substantially greater time is needed for vitamin D production. This lack of knowledge was associated with increased time outdoors and reduced sunscreen use. Due to the cross-sectional study design we could Sunscreen use appears not to affect vitamin D production in a population setting (5) . However, 11% of our sample believed that sun protection might lead to a lack of vitamin D. This is lower than the 32% reported by Youl and colleagues (11) and might be due to the difference in sampling frame. Nevertheless, as in the previous study we also found that this attitude was more common among people with a lower frequency of sunscreen use. A relatively high proportion of people were uncertain about whether or not sunscreen use diminishes vitamin D production, further emphasising the need for public education about this issue.
Our study focused specifically on a population of office-workers in whom we were able to include a large sample size with a relatively high response rate. The participants in this study were recruited from an organisation that actively promotes sun protection to the public. Messages about vitamin D have not formed a core part of the promotional materials, and there is no fact sheet or clear position statement about vitamin D on the Suncorp Sunwise website (suncorpsunwise.com.au). However, it is possible that this population has greater knowledge about vitamin D than the general community. If so, there would be even greater cause for concern about the possible effects of mixed messages about sun exposure than indicated here. Additional research in other populations in different areas, possibly with a prospective study design to gauge change in attitudes, would lead to a better understanding of public perception of this issue.
In conclusion, current knowledge regarding the health impacts of low vitamin D, and about how much sun exposure is needed to make vitamin D in different circumstances, makes it very difficult to balance the need to adopt a precautionary approach regarding the possible benefits of sun-induced vitamin D against 9 the known harms of overexposure to the sun. Substantial research is needed to address these issues. In the interim, evidence from this and other studies indicates that the public are confused and concerned and that public health messages need to specifically target the vitamin D issue in order to ensure that skin cancer rates do not increase in coming years.
